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THE EFFECT OF FINITE “BLOB” SIZE ON THE CURRENT
CONVECTIVE INSTABILITY IN THE AURORAL IONOSPHERE

I. INTRCDUCTION

Ionospheric irregularities (or density fluctuaticns) cause
scintillaticn of radio signals which has been observed during diffuse
aurcral situations [Fremouw et al., 1977; Rino et al., 1378; Rinoc and COwen,
1980]. The irregularities cccur in regicns of soft particle precipitaticn
{whica are ccnfined in latitude) and horizontal plasma density gradients.
At presert, the emerging picture is that large-scale density enrhancements
(known as "blobs") are produced ir the high latitude F regicn and are
convected arcund the polar ionnsphere; the sides of these "blobs™ appear to

be tne regions of structure [Tsunoda and Vickrey, 1985]. There has been a

O

cn3iderapla theoretical effort to understand these irreguiarities in terms

(s
e ]
w

radiant driven fluid instabilities [0Ossakow and Chaturvedi, 1979:; Huba

W

N w =
nd 233242

2,

, 1380; Vickrey et al., 1980; Keskiren a2t z21., '280: Chaturvedi
and Ossakow, 1981, 1983; Keskinen and Ossakow, 1983; Satyararayara and
Ossakow, 1983; Gary, 1984; Huba, 1984; Satyanarayara et al., 1685], 1In
particular, the current convective irstability (Lenhrnert, 1958; Xadomtsev
ard Nedcspasov, 1960] has been suggested as a generation mechanism of
plasma irregularities in the high latitude ‘ionosphere [Cssakow and
Craturvedl, 1379; F2j2r ang K2lley, 1930; Haruise et al., '9381; Tickrey and
Kellay, 1983]. This instability can be excited in a weakly collisioral,
nagnetized plasma which contains a field-aligred current and a transverse
dersity gradient, Tnis ceonfiguration exists, at times, in the aurcral

ionoscnere alang the sides 3f density enhancements ("blobs").

Manuscript approved December 5, 1985.




The theoretical study of thne current ccnvective instabilicy, as
apgpiied tc the auroral F region, has evoived oOver ithe years, Initial
studias use¢ the Zocal appreoximation which is valld for modes suen that KL
>> 1 where Xk ls the wavenumber anrd L i3 the scals length of the density
gradient [Ossakow ard Chaturvedi, 1979; Vickrey et al.,, 1980; Chaturvedi
ard Ossakow, 1931; Gary, 1984]. Subsequent studies have considered a host
sf n~cnlocal effects which car be impertant and are neglected in a loecal
aralysis, e.g., magnetic shear [Huba and Ossakcw, 1980]; velocity shear
fSatyararavana and Cssakcw, 1583]; 1long wavelengtn modes (i.e., kL < 1)
THuba, :234]; finite current chanrnel width [Satyanarayana et al., 1985].
Qveralil, these effects have 2 tendency to reduce the growth rate of the
instability, with the exception of velocity shear which can stabilize short
wavelengtn modes (these with L >> 1), Despite the modest reductisns in
growth rate the current convective instability has remained 2 viable
mechanism t> gernerate density irregularities with scale lengths 1-10 knm.

A pctentially impertant acsnlocal 2flsct that has not been considered
i3 the finite externt 2 tae "plad”™ along the ambiznt geomagnetic
field., Fcr example, recent studies of barium cloud dynamics have indicated
that the parallel extent of the c¢loud along the field can affect its
stability pzrcpersies MGoldmarn 2t al., 1976: Sperling et al., 1984; Sperling

ard Glassmar, 1685; Drake et sl., 1985]. Physically, the reason that this

(1))
ry
'y
(11

ct could bve significant is <he following. The current convective
instapility requires density and pctantial fluctuations beth parallel and

perpendicuiar to §O. i.e., assuming a Fcurler expansion of the mcdes we

-~

nave £ = ke + X 2 where x 13 the wavenuamber, 3ased on local thecry,
14 11
1
the .nstaoility attains maximum growth when k /k_ = (o /q )
Lo i 1
a' and ¢, are the plasma ccnductivities parallel arnd perperdicular o the
P

2
<

where




field, respectively. For typlical F region parameters we note that

al/al - 108 sc that AI ~ 10“ Al where 1 is the wavelength of the mode.
Thus, for fluctuaticns with Al ~ 1-10 km, 1local thecry requires parallal
wavelengtns such that A -~ 10u - 105 xm for maximum growth. On the cther
hard, the parallel extent of a "blob" is typically only several hundred «xm
S0 that local theory is probably irnadequate to properly describe the
current convective instability in the auroral iorosphere (at least for the
fastest growing modes of interest).

In this paper we develop a nonlocal theory of the current convective

instability which considers the finite extent of an ionospheric "blob"

parallel to the geomagnetic field. We show that the physical picture
presented in the previous paragraph is, in fact, reasonably accurate. For
a mode that has a parallel structure sufficiently short t> "fit" the
fastest growing mode into the "blob", we recover the maximum zZrowth rate
oredicted by local thecry. Howevar, mecdes that nave a parallel structure
determined by She 2xtent oFf the "bHicb" along the field can nave growth
ratag substantlally r=2duced from the maximum grownh ~ate 2xrce2ciad ren
local theory. For typical aurcoral iorosphere parameters, the reduction in

the maximum growth rate of the instability for medium scale irregularities

(1-10 km) can be 2ne td two orders of magnitude.

The corgarizaticon of the paper is as fsllows. In the next section we

-
7

present the physical model 2and basic equations used in the aralysis, in
Sectisn III we derive the dispersion equaticsn for the current convective 3?3{
irstability whicn explicitly includes the firite extent of the "blop" along
the ambient magretic field. In Section IV we present aralytical and

numerical results, Firally, in Section V we summarize our findings and

apply our results to the auroral ionosphere,
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II. MCDEL AND FUNDAMENTAL EQUATIONS

We consider a slab geometry and a plasma configuraticn as shewn in
fig. 1. The ambient magnetic field and current are in the z-directicn

(3 - By e, and & = J, ez). The ambient density profils used is given by

nb(x) 0 < z <« z,

nO(x,z) - {

ni otherwise

ety VD & 0 A0 v VY VRV T AT

-

)

el R

where Ty denotes the "bleb" density which is confined to a limited region

along 50 and 1is inhcmogeneous transverse to go, and ny denctes the

homogereous background ilonosphere, We consider low frequency fluctuaticrs

such that 3/3t <« Qa' v___ where nu and Van represent the gyrofrequency and

an

collision freguency with neutrals associated with the a species, We also

assume v /Qe <K vi_lﬂi << 1 which is relevant ¢o the F region of the icno-

3pnere., Fina.ly, for siaplicity we assume a ccld pil

- -

sma (i.e.,

1

10 and tnat the ambient current is carrisd by electrons (i.e2., 4, = - 7

Within the centext of our assumptions, the btasic equaticns of our
aralysis are contiruity, mcmentum transrsar, charge neutrality, and Ampere's

law:

. ana .
3t V-(na Za) =0 v2
d=-e2-Sv x3-av v ()
- e ~e - 2 2n-e -
0 = eE + 2 v, X3 -mv v (4)
~ ¢ -1 = i in =i
.:.\
4 AR




(s)

where the variables have their usual meanings and we are ir the neutral

frame of reference (i.e., V = 0). We take the electric and magnetic

n

fields to be representecd by potentials as

9A_ .
1 A
E=-Vo-23T %
and
BaB e +VA xe
-~ 0 A z

(7

where BO is the zambient field, ard 9 and A are the electrastatic ard

z
vecter potantials, respectively., We consider only A, since

-~
i

Qe 2l=20eT,lrn oress—Ila2ld motion L3 glven oy

v - 2 rV + l O_A"‘:]
21 m_v t |’ ¢ at 7
e’en

The ion cross-{leld motisn is given by

14

« >> J .

H L

(9)
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7 (11) R
I ),

wlo

]
i, 773 2 7,

and the parallel motion is given by

B, Ven
V, = = = —1y <KL v_, (12)
iy 2oV, e} e

We row supstitute (9)-(12) into (2), (3), anrd (8§) and arrive at the

£a1
P22

owing equations:

[

N
:.__:‘-;
n - 3 2 ‘: e
— ] 1 — — E I (T N
t B Vox 2 in s Uge 3z VlAz 0 3) RO
"'.-f"
\Y
in 2 ) 2
2 7e(nv o) + 2-v°A_ =0 (14)
4 z 2
Qi 8 1 Te 9z )
72y o313 1 Efﬁ '15)
17z en_ 9z ¢ at
2
Wnare n_ =0, Sre’.
Tne agquiliseium solution of (13)-(13) requires tha
< - 2 2 3 g2 . 1z
37 % %% " T " hre 5z 0 70 13)
v
in o c 3 2 .
—_ 2 2g - 2 = D (17
537 “ovi°a) Tre 3z ' %z0 T ° ’
39
2, o 4m %0 13y

Ae nhave assumed Ny = h X, 2) Csee (1)) and will also taxe ’O and A, 4 to de
funeticns =nly of x anc z. "Neglect of the y dependence on QO is

I

aquivalent %> assuding SO = 0; we note that it 1is the y component

[+

ST R L RN
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)

of §0 wnich can drive the usual E x B gradient drift instability in the ¥

region and we are excluding this possibility.] From (13) and (17) we then

find that

c 3 2
Twe 3% 'y 20 " ° (19)
and
Vin ¢ 9 ( \
7. 8ax \h0" % "0 20)

Substituting (18) irto (19) we find that

3 Eig - (21)
3z an_ 4z =
e

>
Making use 3f the definition ¥ n_ {= m v /ne“) ard using (20) and (2i) we

2 e en
can rewritsa [‘4) as
B T P Y (22)
Q. 23X 0 9x Iz ‘v 0 9z
i en
wWhich {3 equivalent to the requirement that 7 - QO = 0 3ince JOx = - ny
/2. (e n 2 ln_e/: 3 2.
[vin 71) /8)30,/3% and Jy, [no /neven]cao/a

finally, we can write an a2quilisrium potantial o e

<

x n.dx

- - B A >
£0-2 T By f %) 0 <z <z

b

@O(x,z) = (23)
- El z otherwise
Oz
7




.

This potential gererates an equilibrium electric field

z e + = _n/rn (x; =2 0<z< 2

0z %2 " St/ (N % )

T = (24)
E. e otherwise
0z 72z

whicn causes a parallel electron drift YO

LR RS

L) ~az=Ff3a) P =
innomcgenecus  cross-fisid  drifs !Ol\x) RV 7y y

"s1sb" plasma. In the backgrourd plasma there (s orly a parallel electron

149

: arife V3= - leg] /m v, Je .
3 ! on' €2

IZI. JISPERSION =ZQUATICN

#a2 lirsarize (13:=7'3} in o2arder ¢t cbtain the dispersion equatizn
wnich describes the current convective instability. We use the equilibrium

darivec in Sectior II zm: 253ume perturbed guantitias vary as p = p(x) exp

R AR The Linsarized 2quatizns ar#
3n R - e N = g 9 2 =
= -7 xe Vn -2V e+ Vn+» =~ =974 =20 (25)
3t 3 /)° 0”3 % ame 3z ') 'z
\Y) J
in 2 ~» S = 3 ¢ 3 . 23
=2 2 Fein T g 4 =227 (AT p ) s — =7 =29 (28}
Q. 3 o' ? %, 3B ¢ l_d"O' 4re 9z |z '
i i
G
N
and LA
LS
Do
- RN,
- aA B
- : ~ ) 1 -
72 i L dmeny  Lir 20, Ll = (27)
z c 3z en_ dz ¢ 3t

b-
[(}]

In <ne faollowing we will igrore terms proportional to Vlag which {s valid

Ve 3/3z|. Retaining these terms leads T3 two effects: (1)




) a real frequency is produced proportiocnal %o kyvol(xo] where x = Xg is the
loccation of mode 1localization, and (2) velocity shear stabilization cf
short wavelength modes (Satyanarayara and Ossakow, 1983). Ae are
irtentionally ignroring these effects in order to nighlight the influence of
finite "blob" size on the current convective instability.

Eliminating n from these equations we obtain two coupled differential

equations for A_ and ¢,

[Y*kiDr‘]Kzs—c-g-%+iYLck5 (28)
wa ¥
and _
5.-aor%3;-§ (29)
where D, = [cz/mpz)ve is the resistive diffusion coefficient,
wpi - unnOez/me, a = (/v j(a,7v, ], and vy = =(v 72 Wa v, 3an n /e

In writing (28) we have taken (VOZ/Y)D/BZ << 1 which can bde snhcwn a

ccsteriori; this term deces not affect the growth rates of the mcde zut 3nly

. causes the mode to have a real frequency. Finally, combining (28) and e
b (29), we obtain the mode equation for the current convective instability in }:%‘
¢ '.:."-
': terms of the vector potential A _, 3]
] z Lo
3A Y A s

3 s _ Q0 ~ z _ 24 ) o

3z (@ Pn 33 ) -1 7 Yo Dpky 5% (v » KPpidy = 0. (30) O

X
Prior to solving (30) for the density profile shown in Fig. 1ib, we |

first consider a blob of infinite extent along the field. We Fourier ZE:?

RS

- - -
expand modes parallel to By, 1L.e., p(z) -~ p exp(ikzz] ard use the local :i;}
approximation [ky(a Ln no/:ax)-1 >> 1] so that (30) can be solved B
.4

e

- '&n‘

2

9 “-..'-
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algebraically. This allcws comparison with previcus results [Ossakow and 2.
¢,
»
- .,
Chaturvedi, 1979; Chaturvedi and Ossakcw, 193817, The 1local dispersicn M
equation is given by .
\.
Y NI
0 2 2 l..‘ﬁ
- m— ! = '
Y- ky‘z/a D, + (ky + ak7)d, = 0. (31) i
0;
Fa
The first term in (31) is related to electromagnetic effacts, the second ’ gff
/ '.,-
term to convection alang the gradient (which causes the instabilisy), and E?
the final term to perpendicular iorn motion arnd parallel electron motion, »
=~
in the electrostatic limit [kiDr, akiDr >> Y) the growth rate is given by Ry
.
roe
/3 (k k) L
Y. ry, —2 (32) o
2,2 S
1+ ak_ /K o
- y b":h.
=y
.:‘:.f,
o
2.
Wnich agrees with the results of OJssakow and Chaturvedi (1979). This o
2 9 e
sr2wth rata nas a maxiaum value when k:/K; = 1/y, It is given Dy T
o DL
..::-:
Ymax = Yo’2 (33) x
A
.‘:‘-
oo
A
Retention of el2ctromagnetic effects yields the following growth rate R
- -_1_1‘2 .I.-A.‘- i [P " 1/2 { ) ‘.'-»'\
Y 5 K D? t3 Lk Dr + Yo‘y‘z/“ Dr] (34 :Zf:
Py
el
where K~ = ki + akz and which can be shown to agree with Chaturvedi and s

Ossakow (1981).

We row sclve (30) for a density profile relevant to a plasma "blob" in

the auroral iosncsphere. The equation is solved subject to the bdboundary

At et et e et e
e

T b .“ .l‘.;l l.... h
O YA -_':“L\:h \AJ-'.A'.'_:S‘;.‘! y

S



cendition A, + 0 as |z} +=. For a "top nat" density profile (Fig. 1b),

the solutisn tc (30) irn the region z < 0 and z > 2,3 can be written as a

plane wave,

A, = A, exp(- ki|2|] (35)
where
K, =k, (==) (36)
Y /R i
and
)
R =.— ; (37)
Y kD,

Mote that the subscript 1 denctes quantities that are evaluated in the
background icnosphere {i.e,, z < 2 and z > zo). Thz parameter ] is a
measure O the electrostatic/electromagnetic nature of the mode. For
Y kibr we note that R - 1 and the mode is essentially electrostatic. In
the cpposite limit, Y >> kiDr the mode is essertially electromagnetic with
R << 1,

In the regicn 0 < 2z < Zg» i.e., regicn cccupied by the density
enrhancement, the solution %o i, is given dy
A =i exp(ix,z) + & i exp(ik,z) (38)

2

where

11

jC:
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v
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Syely
2 'I o
4 Yy
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1 a4y dy
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2
k Y Y
, y[_'o 1 (.0 _ 4y172
K, = —= Tt 3 (™ -] ] (39)
1 /a 2 2 Y R b
ard
2
k Y Y
10 1 0 _ Uy1/2
ky=L[-5=-3 (= -3)""°] (50)
2 /a 2y 2 Y R b
Again, the subscript b denctes guantities %that are to he evaluatad ir tne

blob (0 < z < zq).
Tc determine the dispersion equaticn we match tne plane wave solutiens

at =z

= 0 and z = 2. The appropriate matching cornditions are obtained from

(28) and (29). Namely, we require that Az and aDraAz/az be ccntirous

across each boundary. Using these boundary conditions, we find that the

dispersion equation is given by

exp(iAkzo) = A T4
where
K K
1 +ir =2 1 - ir —
ki Ki
A = : (42)
K, “2
1+ il — 1 - ir ==
K. K.
i i
2
KoY
i
Ak = Kk -kz-l[—g-;];/z (u3)
Ya Y ’
(aD )
F=I—Dr—]—q (44)
nly
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IV. ANALYTICAL AND NUMERICAL RESULTS

We now present analytical and numerical results for the growtnh rate of
the current convective instability based upcn (41). We cast (41) into
dimensionlass form and obtain

A A -

exp(ikyzoAk) = A (45)

-~ -~

where Ky = kyLr' z, = zO//: LP, Ak = Ak/xy, and L, = Dr/Yo i3 the resistive

diffusion length. First, we note that in the short wavelength limit, i.e.,

when kyzo > 1, k1 = k2 which implies Ak = 0, 30 that A = 1 13 a solution

to (45). The growth rate is given by

Yo —
B — 3
Y-z /Rb. (46)
2

In the electrostatic limit {v << kyor} we note that R ~ 1 and Y = v_/2

v
Wrnich e2orrespinds to tae aaxinum growth rate of the instatility bdased upon

AN ~ Y - - .n - - 14
~I2C32L ThSlrd 382

)l Tais result makes sense pnysically si<:2 the

L)
(P8}

~ A

limitc kyzo »> 1 corresponds td> modes with parallel wavelerngths much smaller

than the parallel length of the blob; hence, the outer regions (i{.e., 2 <0

anrd z > zo) nave little affect on the dyramics of the instability.

On the otnrer nand, for long wavelengths, i.e., kyzo <K 1, tne growth

rate is strongly affected by the finite length of the blob. The growth

rate is reduced and Ko 2> Ky. In this limit A = - 1 and the dispersion

equation pecomes
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where m = 1, 2, ... {3 an integer. Equatien (47) yields the following

growth rate

N
X z
y 9

- —— (
Y=Y Gon - e (48)

we note that this growth rate is independent of the value of R. Also, the
fastest growing mode iz this regime correspornds tc m = Q.

In Fig. 2 we present rumerical results based uporn (45). We plot

- = r - = =
Y = Y/Y, versus k, kyur for z, zo//E L,=1andr 0.2 for several

values »f mode number m. The solid curves are numerical results while the
dasned curves are based upon the analytical results (46) and (48). \Note

the excellent agreement between these results in the short wavelength

~ -

Ji.e., Ky >> 2w) and long wavelength (i.e., ky << 27 limits. In the

short wavelength regime the modes are <lectrostatic (R ~ 1) and nave a

growth rate which is the same as the maximum value c¢btained from local

o

hecry (Y -~ YO/Z, see (33)1]. In the long wavelengta i1imit the modes are

2lzctromagnetic (R << 1) and have a smallar 3Zrowth rate than in tne :znore

[N

waveiength limit,

Physically, the reduction in growth can be explaired as follows. The
current convegtive irstability requires a density and potential
perturbation paralilel to 50 which corresponds to a parallsl wavernumber in
the local aralysis {(tne seccrnd term in (3') is the driver and depends upon
YO and kz). From local theory, the instability achieves maxinum growth
when «,/k, = 1//a = [ol/al)1/2 where 9 and 7, are the perperdicular and
parallel c¢onductivities, respectively. In the ionosphere, g /0 ~ 10‘8 <«

-~

1 so that the |{irnstability favors very long wavelengths parallel
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to §0 relative to the perpendicular wavelengths'(xl >> A ). We define the

naximum effective parallel wavenumber that car be supported within the blob
Y

as

kz(eff) = 2w/zo. (49)

A A

Using (49) to determine the value of kyzo for maximum growth based on local

-~ a A

= "‘ ?, y
vZa 2r. Thus, for kyzo >> 2w We expect

that the blob is sufficiently lcong to support a paraliel wavelength which

thesry (ky/kz = /2) we find that k

yields maximum growth, i.e., k, > kz(eff)' This 1{s, in fact, quite

apparent in Fig. 2 where Y - 0.5 for kyz0 >> 2n. However, for nmodes such

that kyzo << 27 it is not possible for any mode to satisfy the conditicn
k_'/ky - /3. Therefore, the modes grow at a reduced zrawth rat2; 313in
this 1s apparent from Fig. 2. 1In fact, this correspcrds to the linit

Yo kz/ky >> 1 vased on local theory. Making use of tils approximation in

(22, we find tnat

. , . , o . -1
which agrees w~ith (48) if we make the identification kz =z /{2m + )n,

0

v, DISCUSSICN

#e have studiea the effects Oof finite size of nigh latitude "blobs"

parallel to magretic field on the current convective instability irn auroral

ionosphere. We find that the growth rate of the instability can be x}ﬁ:
substantially reduced in the case of a finite size "blob" from the value iﬁj.
cbtaired when the "blobs" are assumed to be infinite. For short .::#
T
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wavelengths, such that k Zn >> Ya (#here k is the wavenumber, 29 the 2lob

Y

size arnd a = Qegi/vavi = OI/G')' the growth rate remains relatively

N —

uraffacted (especially in the electrsstatic case) by tihe blop size, In the

.ong w~avelength case, when

I!
X

?
.

4
.

¢
)

?
vy
ii
~
28
N

kyzo << Y3, the growth rate becomes proporticnal

to the wavenumber and tne blob size. Thus, for a giver blob size, the
longer transverse wavelengths have smaller growth rates and, similarly, for
shorter blob sizes, the growth ratas are reduced [see (48)].

The current ccnvective instacility has been discussed in the aurcral
i srospnere recently, where £field-aligred currents are a ccrnstant feature
ind plasma density ernhancements ("blobs") have beern observed with
structured walls. We now appiy 2ur resuylts for the instability to this
situation, Tne typical parameters in this situation are the following:

. . -2 . . - 6 - .
ambiant densitly n. = 706 cm 2, 0dios 42nsity . -3 x 10° em 3, field~-
el
e

: : 2
aligred current density J’ﬁ < 10< uamp/m- {Which corresponds to an
-

-
elagiron zarallel drift vﬂi < 300 wm/sec for Ny 10° em™2), the scale
Sy -

largtia assoclatad wita the "hloo" gradisnt L, - 50 «ms, the lon-neutra.g
o

=7 -
R < - . = . .~ - = - . - TVl A
l1l.sion fregueney v, .~ 5 x "0 3e2 nI o zl22Teon gcolllsion

by

requency

(1)

{Taunocda and Vickrey, 1985]. For BO ~- 0.5 G, ore

-

- -l
nas v /8, ~ 6 x 10 >ard v._ /2, -~ 1.7 x 107" 50 that a ~ (2,2

/ .
in 71 i vevln)
158

. The maximum local growth rate is Ym ~ YO/Z ~ 8.5 x 10‘3 sec", where
f . -2 =1 ' ; ;
Y. ~ | / - 1.7 1 . T 'blob" 'sion parall
0 ‘VO| LN)(Qevi/veni) 1 x 10 sec he "blob" dimens parallel

%2 the field is zy ~ 300 «m LTaunoda and Vickrey, 1985] and for the above

set cf parameters we have wpe - 5.6 x 107 sec“, Dri ~ 1.4 x 103 cmz/sec.
. 9 N = -7
L - - 1 7 T » - - . . ] F - ’I
r D_,,i/rO 3 x 10° cm, ard z, za//a Lr 3.8 x 10 or Al
wm, - L - x 107 d k2 -~ 0.2. N in fr t ot
wm, xy ky n 5 x 107, and xy 5 0.2 “e find om (48), that <the

ncnlocal growth rate in this instance is Y = (.06 YO = 1.0 x 10-3 saec’1 for

the fastest grcowing mede (m = Q). This 1s an order of magritude smaller

16
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than the maximum local growth Y , i.e., Y = 8.5 x 1073 sec”!, For a

m

similar set of parameters, we find thnat for A =~ 10 km, the reduction in
the growth rate is even more substantial, 1i.2., Y = 0.006 s 21,0 x 1077

sec”!, Therefore, the curren

(a4

ity growth rates may be

(=

gerivective instabi

w

toc small for the instability to explain the blob-associated structure for
irregularity scale-sizes of 1 - 10 km,

It may be pcinted cut that tne finite bdlob-size induced reduction in
the current convective instability growtn rate >f the instatility is also
related to our assumptisn that the instability regicn is cenfined to the
"hlob" (i.e., the driving density gradient 1is negligible outside the blob,
namely, in the ambient ilonosphere}. This is represented by the requiremen
that the modes decay exponentially outside the blob. This is a reasonable
assumptisn in the hlob-asscciated structure studies. However, should there
Se 1 transverss gradient in the ambient Licncsphere at high altitude F-

region, ard i 3 pasitive correlation is observed between the structure and

Q

-~ I N -y - ~ 3 P . B H I Y S TR
tae Jleld-aligned 2urrants, then the current cenvective instabllity ccould

2N

-4 ~ P . 3 - t .
2 sizas on the order 2 2 (2w <1

[

-
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Fig. 2) Plct of growth rate {Y = Y/Yo) versus perpendicular wavenumber

T

-~ SN

[Ky - kyLr] for several mode rnumbers {(m = 0,1,2). The solid

curves are numerical sclutions of the dispersion equation (U45)

-~

while the dasned curves are aralytic soluticns, For ky >> 1 wWe SN

-

use (U46) while for ky << 1 we use (U48),
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ci1CY TTN DOC CCN FOR TEZCTH INFC
DEPT
01CY ATTN DOC CCN FOR L-3
01CY ATTN DOC CCN FCR L-3

LCS ALAMOS NATIONAL LASCORATORY

P.0. BOYX 1683

LOS ALAMOS, NM 87545
01CY ATTN DGCC CON FOR J. WOLCOTT
01CY ATTN DOC CON FOR R.F. TASCHEK
0iCY ATTN DOC CCN FOR E. JONES
01CY ATTN DOC CON FOR J. MALIK
01CY ATTN DCOC CON FCR A, JEFFRIES
Q1CY ATTN DOC CON FOR J. ZINN
01CY ATTN DOC CON FCR D. WESTERVEL
Q1CY ATTN D. SAPPENFIELD

LIS ALAMOS NATIONAL LABORATORY
MS D438
L0OS ALAMCS, NM 87545

01CY ATTN S.P. GARY

01CY ATTN J. 30ROVSKY

SANDIA LABORATORIEZS
P.O0. BCY 3329

ALBUQUERQUE, NM 87115

01CY ATTN DOC CON FOR W. BROWN
01CY ATTN DCC CON 708 A.
THORNSRCOUGH
01CY ATTN DOC CON FOR T. WRIGHT
01CY ATTN DCC 22N FOR D. JAHLGREY
g:Z2Y ATTN 207 TN FOR T4
Q1CY  ATTN D20C ION F2R SPACE PROJES
SANDIA LABORATORIZS
LIVERMORE LA30RATORY
P.0. BOX 569
LIVERIMORE, CA 24350
01CY ATTN D3C ZON TCR 3, MURPHEY
Ci12Y ATTN DOC CON FOR T. COCK

OFFICEZ OF MILITARY APPLICATICN
DEPARTMENT OF ENERGY
AASHINGTON, DC 20%45

01CY ATTN DOC CON DR. YO SONG




QTHER GOVERNMENT CHARLES STARK DRAPER LABORATORY, INC.

555 TECHNOLCGY SQUARE
INSTITSTE F)OR TELECCOM SZIETNCES CAMBAIJGE, MA 52733
NATICNAL TELECTOMMUNICATIONS & INFS 01CY ATTN 2.3. QX
ADMIN 212Y ATTN J.P. GILMORE
30UL0%3, IC 30333
0V2Y ATTN D. CTROM3IE COMSAT LABCRATCRIES
01CY  ATTN L. 3ZRR]Y LINTHICUM R0AD
CLARKSBURG, MD 20734
NATIONAL OCEANIC & ATMOSPHERIC ADMIN 01CY ATTN G. HY:IE
ENVIRONMENTAL RESZARCH LABCRATCRIZS
DEPARTMENT OF COMMERCE CORNELL UNIVERSITY
SOULDER, CO 80302 DEPARTMENT OF ELECTRICAL ENGINEERING
01CY ATTN R. GRUBE ITHACA, NY 14850
01Ct ATTN AERCNOMY LAB G. REID 0iCY ATTN D.T. FARLEY, JR.
{ SLECTROSPACE SY3TEM3, INC.
) DEPARTMENT OF DEFENSZ CONTRACTORS 80X 1359
o RICHARDSON, TX 75080
AZROSPACE CORPORATION 01CY ATTN H. LOGSTON
.,0. 80X 92657 0i1CY ATTN SECURITY (PAUL ?HILLIPS]
LOS ANGELES, <A 90009
01CY ATTN I. GARFUNKEL EOS TECHNOLOGIZS, INC.
012¢ ATTN T. SALMI 606 Wilsnire Bivd.
012Y ATTN V. JOSEPHSON Santa Monica, CA 90401
012Y ATTN S. BOWER 01CY ATTN C.3. GABBARD
J1CY ATTN D. OLSEN 01CY ATTN A. LELEVIER
ANALYTIZAL SYSTEMS SNGINEZRING CCRP ESL, INC.
5 CLD CONCORD ROAD 495 JAVA DRIVE
BURLINGTON, MA 01803 SUNNYVALE, CA 54086
3 212Y ATTN RADIO SCIENCES 972Y ATTN J. ROBERTS
i 01CY ATTN JAMES MARSHALL
. AUSTIN RESEARCH ASS0C., INC.
. 1901 RUYTLAND DRIVE GENERAL ELECTRIC ZOMPANY
AUSTIN, TX 789758 SPACZ DIVI3ION
'Y ATTY L. SLOAN VALLEY FORGE 3PACE CENTES
3TCYOATTYN 3, THOMO3CN SCICAEIO3LVT KING IF PRUSSIA
2.3. 3C( 3333
BERXELEY RESEARCH ASSOCIATES, INC. PHILADEL?HIA, PA 19101
P.0. 30X 9383 C1CY ATTN M.H. BORTNER O
. BERKELEY, CA 94701 SPACE SCI LAB RO
5 91CY  ATTN . WORKMAN o
2°2Y  ATTN I. PRETTIS GEINEZRAL TLECTAICZ TECH SERVICES ;,3
i 3tI¢  ATTN 5. 3RECAT co., INC. F{:‘
HMES )
BOEZING COMPANY, THE COURT STREET e
P.O. 30X 3727 SYRACUSE, NY 13201 R
SZTATTLE, WA 98124 C1CY ATTN G. MILLMAN AR
' 01CY ATTN G. KEISTER .

017Y ATTYN D. MURRAY
Q1Y ATTN G. HALL
01CY ATTN J. KENNEY
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GEOPHYSIZAL INSTITUTE XAMAN SCIENCES CORP

UNZIVEZRSITY OF ALASKA ®.0. 30X 73453

TAZIBANKS, ALK 3970t JCLCRADT 323INGE, I 30s::
"ALL CLASS ATTN: SECUAITY OFFICER) 01CY ATTN T. MZIAGHZS
0'72Y  ATTM TL.N. DAWIS {JNCLASS ONLYS

STTT  ATTN TECHUNIZAL LI3RARY KAMAN TEMPC-ZZINTZIR FTR] ACVANCZEZD

03CY ATTN NEAL SR12wN (UNZLASS CNLY) STUDIES

813 3TATZ STREZT  P.2 DRAWER Q3

GTE SYLVANIA, INC. SANTA BAR3ARA, CA 93132
TUZITRONICS SYSTEIMS GRP-EASTEIRAN DIV 012Y% ATTN DJASIAC
77 A STREEIT 017Y ATTN WARREIN 3. KNAPR?
NZZDHEAM, MA 02794 01CY ATTN WILLIAM MCONAMARA

012Y ATTN DICK STEINHCF 01CY ATTN B. GAM3ILL
HSS, INC. LINKABIT CCRP
2 ALFRED CIRCLE 10453 ROSELLE
3EDFORD, MA 01730 SAN DIZ30, CA 9212

Qi1CY ATTN DONALD HANS:EN 0iCY ATTN IRWIN JACCES .
ILLINOIS, UNIVERSITY OF LOCKHEED MISSILES & SPACE CJ2., INC
107 COBLE HALL P.C. BOX 504
150 DAVINPORT HQUSE SUNNYVALE, CA 94088
CHAMPAIGN, IL 61820 C1CY ATTN DEPT S0-12

(ALL CORRES ATTN DAN MCCLELLAND) 0:CY ATTN D.R. CHURCHILL

Q1CY ATTN K. YEH
LOCKHEED MISSILES & SPACE CO., INC.

INSTITUTS FOR DEFENSEZ ANALYSES 3251 HANGVZIR STREET
1801 NO. 3EAJREGARD STREET PALC ALTO, CA 94304
ALEXANDRIA, VA 22311 13Y  ATTYN MARTIN Wil 2g37 32-12
81TY  ATTN J.M. AEIN Q15Y  ATTN W.L. IMEIT SIsT 3Z-2
012Y ATTN EANEST BAUER Ci1ZY ATTN RICHARD 3. JJANSCON
312Y ATTN HANS WOLFARD DEPT 52-12
91CY ATTN JOEL BENGSTON 012Y ATTN .3, CLADIS TTPT 52-t2
INTL TEL % TELEGRAPH CORPORATION MARTIN MARIZTTY 2337
500 WASHINGTON AVINUE ORLANDGC DIvIsilw
MUTLEY, NJ 07000 P.3. 3C% 323
3-4Y ATTN TIZHNICTAL LIz2a3Y SALANDI, L i1iis
QUIr ATTN 3. aiFEaC
SAYCOR
11311 TORREYANA ROAD MCDONNEL DOUGLAS CO3PORATION
°.0. 30X 85154 5201 BOLSA AVENUE
SAN DISGCO, CA 92138 AUNTZNGTON 3EACH, CA 3254°
312Y ATTN J.L. SPIRLING SUZY ATTN N. HAR2IZ
313% ATTYN J. MOULE
JCHNS HOPKINS UNIVERSITY 0'CY ATTN GEGRGE uRLZ
APPLISED PHYYSICS LA3ORATCRY J1CY  ATTN A. 2L30M
JOHNS HCPKINS ROAD 01CY ATTN R.W. HALPRIN
LAUREL, MD 20810 0°2Y ATTN TIZANIZAL

J1CY ATTN DOCUMENT LIBRARIAN LI3RARY SERVIZES
J12Y ATTN THOMAS POTEMRA
J12Y  ATTN JOHN DASSOULAS '
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MISSION RESEARCH CORPORATION
735 STATE STREET
SANTA BARBARA, CTA 33101
e ATTN P. FISCHER
01CY ATTN wW.F. CREVIER
01CY ATTN STEVEN L. GUTSCHE
Q1CYy ATTN R. BOGUSCH
0'CY ATTN R, HENDRICK
01CY TTN RALPH KILB
Q1CY ATTN DAVE SOWLE
C1CY ATTN F. FAJEN
01CY ATTN M, SCHEIB3E
01CY ATTN CONRAD L. LONGMIRE
01CY ATTN B. WHITE
01CY ATTN R. STAGAT

MISSION RESEARCH CORP.
1720 RANDOLPH RCAD, S.E.
ALBUQUERQUE, NM 87106
01CY R. STELLINGWERF
01CY M, ALME
OtCYy L. WRIGHT

MITRE CORP
WESTGATE RESEARCH PARK
1820 DOLLY MADISCN BLVD
MCLEAN, 7A 22101
01CY ATTN W. HALL
01CY¥ ATTN W. FOSTER

PACIFIC-SIZRRA RESEARCH CORP
12340 SANTA MONICA BLVD.
LOS ANGELES, CA 90025

G1CY ATTN E.C. FIZLD, JR.

STATE UNIVERSITY
AI3ZARCH LASB
TLITTIICZAL ENGINEZAING ZAST

23077 2A3K, PA 104802
~
c

PHOTOMETRICS, INC.
+ ARRCW DRIVE
WOBURN, MA 01301
01CY ATTN IRVING L. KOF3KY
PHYSICAL DYNAMICS, INC.
2.0. BOX 2027
SELLEVUE, WA 98009
1Y ATTN E.J. FREMOUW

e Wa® ¥,
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PHYSICAL DYNAMICS, INC.
P.0. BOX 10367
DAKLAND, CA 94413

ATTN A. THOMSON

R & D AS3OCIATES

P.O. BOX 9595

MARINA DEL REY, CA 90293
01CY ATTN FORREST GILMORE
01CY ATTN WILLIAM B. WRIGHT,
01CY ATTN WILLIAM J. KARZIAS
C1CY ATTN H. ORY
0!CY ATTN C. MACDONALD

RAND CORPORATION, THE
15450 COHASSET STREET
YAN NUYS, CA 91406
Ci1CY ATTN CULLEN CRAIN
Q1CY ATTN ED BEDROZIAN

RAYTHEON CO.
528 BOSTON POST R04AD
SUDBURY, MA 01776

01CY ATTN BARBARA ADAMS

RIVERSIDE RESEARCH INSTITUTE
330 WEST u2nd STREET
NEW YORK, NY 10035

01CY ATTN VINCE TRAPANI

SCIENCE APPLICATIONS, INC.
1150 PROSPECT PLAZA
LA JOLLA, <A 92037
01CY ATTN LEWIS M. LINSON
C1CY ATTN DANIEL A. HAMLIN

01CY ATTN E. FRIZMAN
Q1CY ATTN E.A. 3TRAXZER
012Y ATTY CURTIS L. S¢ITH

SCIENCE APPLICATIONS, INC
1710 GOODRIDGE DOR.
MCLEAN, VA 22102

01CY J. COCKAYNE

Q1Y &, HYMAXN

JR.
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SRI INTERNATIONAL
333 RAVENSWOOD AVENUE
MINLO PARK, CA 34025

Q:2¢ ATTIN J. CASPER

Q1IY¥ ATTN DONALD NEILSON
2'2Y ATTN ALAN BURNS
0'2Y ATTN G. SMITH

912 TTN R. TSUNQDA
QY TTN DAVID A. JOHNSON
9'TY ATTN WALTER G. CHESNUT
S*IY ATTN CHARLES L. RINO
01CY ATTN WALTER JAYE
Q1CY ATTN J. VICKREY
01CY ATTN RAY L. LEADABRAND
0'CY ATTN G. CARPENTER
01CY ATTN G. PRICE
Q1CY ATTN R. LIVINGSTON

V.

D.

*CY ATTN GONZALES
Q12Y ATTN MCDANIEL

TECHNOLCGY INTERNATIONAL CORP

75 WIGGINS AVENUE

3EDFORD, MA 01730 :
912y  ATTN W.P. BOQUIST AR

(AN

1y

TRAW DEFENSE & SPACE SYS GROUP
ONE SPACE PARK
REDONCO 3EACH, CA 90278
012Y ATTN R. K. PLEBUCH
01CY ATTN S. ALT3IIHULER
Q1CY ATTN J. DJEZ
Q1CY ATTN D/ STCCKXWELL
SNTF/157%

B l.

.
.
.

R A
.

.

NE :

30UTH 3E0FCRD STREET ~

3UALINGTON, MA 21302 >
PR ATTYN W, 7 -,
317 ATTN G "
8127 ATTY C.

UNIVERSITY OF PITTSBURGH
PITTSBURGH, PA 13212
3727 ATTN: N, ZABUS3KY

DTIC .
02CY e

CODE 1220 S
o1CY .
DIRECTOR OF RESEARCH .
U.S. NAVAL ACADEMY ool
ANNAPOLIS, MD 21402
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PLEASE DISTRIBUTE ONE COPY TO EACH OF THE FOLLOWING PEOPLE (UNLESS OTHERWISE 5?2
NOTED) P
NASA N
NAVAL RESEARCH LABORATORY GCDDARD SPACE FLIGHT CENTER t:?-i
WASHINGTON, DC 20375 CREENBELT, MD 20771 -
DR. H. GURSKY - CODE 4100 DR. N. MAYNARD (CODE 696) NS,
DR. P. GOODMAN - CODE 4130 DR. K. MAEDA P
Dr. P. RODRIQUEZ - CODE 4706 DR. S. CURTIS =
o DR. M. DUBIN i
A.F. GEOPHYSICS LABORATORY S D
L.G. HAN3COM FIELD COMMANDER B
BEDFCRD, MA 01731 NAVAL AIR SYSTEMS COMMAND K
DR. T. ELKINS DEPARTMENT OF THE NAVY o
DR. W. SWIDER WASHINGTON, DC 20360 2
MRS. R. SAGALYN DR. T. C2UBA e
DR. J.M. FORBES N
DR. T.J. KENESHEA COMMANDER o~
DR. W. BURKE NAVAL OCEAN SYSTEMS CENTER OO
DR. H. CARLSON SAN DIEGO, CA 92152 o
) DR. J. JASPERS MR. R. ROSE - CODE 5321 Yoy
- Dr. F.J. RICH ' N
. DR. N. MAYNARD NOAA S
- DIRECTOR OF SPACE AND e
- BOSTON UNIVERSITY ENVIRONMENTAL LABORATORY o
~ DEPARTMENT CF ASTRONGOMY BOULDER, CO 803C2 PN
BOSTON, MA 02215 DR. A. GLENN JEAN K-
- DR. J. AARONS DR. G.W. ADAMS B
. DR. D.N. ANDERSON NN
> CORNELL UNIVZRSITY DR. K. DAVIES 0y
- ITHACA, NY 14358 DR. R.F. DONNELLY g
DR. W.E. SWARTZ o et
DR. D. FARLEY OFFICE OF NAVAL RESEARCH "

DR. M. KELLEY 800 NORTH QUINCY STREET e

ARLINGTON, VA 22217 e
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HARVARD UNIVERSITY

HARVARD SQUARE

CAMBRIDGE, MA 02138
DR. M.B. McELROY
DR. R. LINDZEN

INSTITUTE FOR DEFENSE ANALYSIS
1801 N. BEAUREGARD STREET
ARLINGTON, VA 22311

DR. E. BAUER

MASSACHUSETTS INSTITUTE OF
TECHNOLOGY

PLASMA FUSION CENTER

LIBRARY, NW16-262

CAMBRIDGE, MA 02139
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DR. G. JOINER e

LABORATORY FOR PLASMA AND
FUSION ENERGIZS STUDIES
UNIVERSITY OF MARYLAND
COLLEGE PARK, MD 20742
JHAN VARYAN HELLMAN,
REFERENCE LIBRARIAN

PENNSYLVANIA STATE UNIVERSITY
UNIVERSITY PARK, PA 16802

DR. J.5. NISBET

DR. P.R. ROHRBAUGCH

DR. L.A. CARPENTER

DR. M. LEE

DR. R. DIVANY

DR. P. BENNETT

DR. F. KLEVANS
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SCIENCE APPLICATIONS, INC.
1150 PROSPECT PLAZA
LA JOLLA, CA 92037

DR. D.A. HAMLIN

DR. E. FRIZMAN

STANFORD UNIVERSITY
STANFORD, CA 94305
DR. P.M. BANKS

U.S. ARMY ABERDEEN RESEARCH
AND DEVELOPMENT CENTER
BALLISTIC RESEARCH LABCRATORY
ABERDEEN, MD
DR. J. HEIMERL

GEOPHYSICAL INSTITUTE

UNIVERSITY OF ALASKA

FAIRBANKS, AK 99701
DR. L.E. LEE

UNIVERSITY OF CALIFORNIA
LOS ALAMOS NATIONAL LABORATORY
J-10, MS-£64
LOS ALAMOS, NM 87545
DR. M. PONGRATZ
DR. D. SIMONS
DR. G. BARASCH
DR. L. DUNCAN
DR. P. BERNHARDT
DR. S.P. GARY

UNIVERSITY GF MARYLAND

COLLEGE PARK, MD 20740
DR. K. PAPADOPOULOS
DR. E. OTT

JCHNS HOPXINS UNIVERSITY
APPLIED PHYSICS LABORATORY
JOHNS HOPXINS ROAD
LAUREL, MD 20810

DR. R. GREENWALD

DR. C. MENG

UNIVERSITY OF PITTSBURGH
PITTSBURGH, PA 15213

DR. N. ZABUSKY

DR. M. BIONDI

DR. E. OVERMAN

UNIVERSITY OF TEXAS
AT DALLAS

CENTER FOR RESEARCH SCIENCES
P.0. BOX 688
RICHARDSON, TX 75080

DR. R. HEELIS

DR. W. HANSON

DR. J.P. McCLURE

UTAH STATE UNIVERSITY
4TH AND 8TH STREETS
LOGAN, UT 84322

DR. R. HARRIS

DR. K. BAKER

DR. R. SCHUNK

DR. J. ST.-MAURICE

PHYSICAL RESEARCH LABORATORY
PLASMA PHYSICS PROGRAMME
AHMEDABAD 380 009
INDIA

P.J. PATHAK, LIBRARIAN

LABCRATORY FOR PLASMA AND
FUSION ENERGY STUDIES
UNIVERSITY OF MARYLAND
COLLEGE PARK, MD 20742
JHAN VARYAN HELLMAN,

REFERENCE LIBRARIAN

ILLINOIS

UNIVERSITY CF
ECTRICAL ENGINEERING

DEPT. CF ZL

1406 W. GREZN STREET
URBANA, IL 61801
DR. ERHAN KUDEKI
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